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I. INTRODUCTION
The study of the active solar corona requires information about such thermodynamic variables as the plasma temperature, density, and pressure as a function of position. X-ray spectra allow the distribution of emission measure f n 2 dV as a function of temperature to be a determined in flaring and nonflaring active regions. V is the volume and n e the electron density. The usefulness of the emission measure is limited because n e appears in the second power.
In general, such quantities as the electron density, ne, or the pressure, nekT , cannot be derived from emission measure alone. A direct measurement of n e is required.
A small number of density-diagnostic X-ray line ratios are available. Gabriel and Jordan (1969) showed that the flux ratio, K, of the is 2 IS 0 -1s2s 3S, forbidden line to the Is 2 IS 0 -ls2p 3PI intercombination line in the helium-like ions would be density-sensitive for densities exceeding a species-dependent lower limit ne* (in this 1981) has been used to derive coronal densities in solar flares. R for Ne IX, Ng XI, and Si XIII may also prove to be useful, but for ions heavier than these ne* is almost certainly larger than n e ever 4 gets in the corona. In addition, a line ratio in Fe XXI (Mason et al. 1979 ) provides a density diagnostic for n e 10 12 cm -3 . McKenzie and Landecker (1982) have shown that the same ratio in Ca XV is useful for measuring densities that are commonly present in flares at tempera-tures of 4 x 10 6 K. The Fe XXI diagnostic has not yet been used because at -10 7 K, the temperature at which Fe XXI is most abundant, densities are apparently rarely high enough to yield a measurable effect (McKenzie et al. 1980b ).
The 0 VII density diagnostic is especially interesting because it offers the capability of measuring ne in at least some nonflaring active regions. The 0 VII lines are produced at -2 x 106 K, in the range of temperatures commonly observed in coronal active regions.
Furthermore ne*(0 VII) m 3 x 109 cm -3 , a density that is sometimes exceeded in the nonflaring corona.
A major aim of the present paper is to examine the usefulness of the 0 VII ratio in the nonflaring
corona.
To do this we analyze data from the SOLEX B spectrometer aboard the U. S. Air Force P78-1 satellite (Landecker, McKenzie, and Rugge 1979; McKenzie et al. 1980b ). The resolving power of the spectrometer is not high enough to permit a similar study of R for Ne IX.
The helium-like line ratio, 
F(Os
where F is flux, is useful as an indicator of the state of ionization equilibrium during flares (Acton and Brown 1978; see also Gabriel and 4 Jordan 1969, note added in proof). In addition the resonance line (denominator) is depleted by resonance scattering in the corona (Acton 1978) , so G can be used as a measure of the coronal column density of 0 VII. For 0 VII the resonance line is most strongly emitted at temp-
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-N erature T -2 x 106 K, but the population of the absorbing 0 VII ions 4 is highest at -i x 106 K (Jacobs et al. 1978) . Thus G can be used as a probe of the quiet corona between the observer and the emitting active region. The spectra of both 0 VII and Ne IX show resonance scattering effects. We examine G as a plasma diagnostic for both species in 5I1.
I. THE 0 VII DENSITY DIAGNOSTIC
The electron density in a 2 x 10 6 K plasma can be derived from the ratio R for 0 VII as follows (Pradhan and Shull 1981) :
R o is the value taken by R in the limit of low densities. It is customary to assume that densities for which Ro/R -I > 0.1 are measurable (Gabriel and Jordan 1969) In only ten of the 27 spectra fitted using a iniiMum-x 2 criterion was the X 2 acceptable at the 95% X 2 probability level (with 442 degrees of freedom, X2< 491 was acceptable). We attribute this failure to difficulty in modeling the line profiles of the strong 0 VII lines.
Resonance scattering effects, to be discussed in § II, can significantly distort the resonance line profile, especially near line center.
Since the results from the spectral fits were unsatisfactory, we used another method to determine R. The cuunts under each line were summed over 40 spectrometer steps (20.1') and the sums were corrected for background; the background obtained from the spectral fits was used.
Then each sum was corrected to a full line sum, where we assumed the profiles were Lorentzian in the wings. This is a good assumption since the line shape in the wings is dominated by the instrumental profile, which is approximately Lorentzian. The corrections to the intercombination and forbidden line sums resulting from this process were, respectively, 1.011 and 1.028 times the resonance line correction. The line profiles are of such width that the resonance and forbidden lines make small contributions to the intercombination line fluxes. Therefore, 1.09% of the corrected resonance line count and 0.54Z of the corrected forbidden line count were subtracted from the corrected intercombination line count. Finally, each sum was corrected for spectrometer response as a function of wavelength and R was calculated.
The results are shown in Table I (RSUM) . We also
. . 
+1-
show R from the spectral fitting program, where acceptable fits were obtained. "F" beside the spectrum number indicates that the fast stepping rate was used.
It is difficult to establish with certainty that no flare was in progress at a given time. We have used published flare listings and measurements by the MONEX low-energy X-ray monitor, also on P78-1, to check for possible flares. There were reported subflares in the observed regions near the observation times for spectra 6, 22, and 28, and possible minor bu;sts detected by the MONEX experiment, which views the whole solar disk, for numbers 24 and 29.
These possible flares will not affect the conclusions below, but, at least in the case of spectrum 28, it is doubtful that nonflare densities were measured.
If the data are weighted by -2 , R, the mean value of R from The net result is that the measured R is increased
III. G, THE TRIPLET-TO-SINGLET LINE RATIO Acton and Brown (1978) showed that the ratio G, defined in equation (1), can be useful as an indicator of the state of ionization equilibrium.
All three upper levels involved in G are populated by recombination, but the triplets are affected more than the singlet.
In a recombining plasma, where the 0 VIII population is higher than would be expected from the electron temperature, G is higher than its In equation (4), 8 is the angle between the line of sight and the inward normal to the solar surface, r s is the solar radius, and Ar is the thickness of the shell in which the scattering occurs. When 2Arsec 2 8/r s << 1, s(O) a secS; that is, a plane atmosphere is a good approximation. Equation (4) is not valid for 0 > 90, and for 8 -90" the collimator field of view is large enough that 8 is poorly defined so the equation should not be used. Because of the nonuniform structure mentioned above, the relationship between T and s(8) is expected to show considerable scatter.
An active region emits resonance line radiation toward the detector both directly and by scattering. The scattering component is small because the optical thickness of the active region is small. We estimate that scattering accounts for < 5Z of the resonance line flux emanating from an active region and assume that this fraction does not vary with angle. The estimate is based on analysis to be discussed later in this section.
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In order for an X-ray to be scattered into the detector, the scattering must take place within the field of view and the final propagation direction must be within the very small detector solid angle. Scattering into the detector becomes less important as the angle 6 increases. To see this, consider a scattering element of volume dV in the "quiet corona" at a height z above an emitting point P, such that the vector from P to dV makes an angle 6' with the local 
where ze is the height of the source in the corona, G o is the value G would take were resonance scattering negligible, and K(z) is the average "absorption coefficient" integrated over the line profile, taking into account the temperatures of both the emitting and absorbing regions. Equation (5) does not take into account changes in the line shape caused by absorption, but such changes can be neglected if T<I, as it is here. Taking the natural logarithm of equation (5) we have Table 2 gives the measured values of G for both 0 VII and Ne IX. The spectrum numbers are the same as in Table 1 . We derived the G values for 0 VII by using the summing technique in §II. For Ne IX the technique differed in that each initial sum was over 30 (not 40)
spectrometer steps, and the background was interpolated from counting rates in two spectral ranges (shaded in Figure 2 ). Figure 2 shows the spectrum around the Ne IX lines. The Ne IX intercombination line is near the resonance line and is much weaker. This prevents a good R determination for Ne IX, but since G is near 1.0, corrections to the intercombination line are relatively unimportant in determining G. 
1977).
Therefore, we expect Fe XIX emission from nonflaring plasmas to be weak. We have not found any evidence of its existence. The strongest Fe XIX lines are blended with the weak Ne IX intercombination line in our flare spectra (Bromage and Fawcett 1977; McKenzie et al. 1980b) , so Fe XIX emission should be manifested by a decrease in the ratio of forbidden to intercombination line counts. Thus if the measured G has been increased by Fe XIX emission, G should be negatively correlated with the above ratio.
We find no such correlation. Table 2 shows significant variations in G for both 0 VII and Ne IX. The quoted errors are due to counting statistics only.
In Figures 3 and 4 we plot lnG vs s(6) for 0 VII and Ne IX, respectively, omitting points for which e Z 90. Table 2 shows that the omitted points have large T, as expected. Equation (4) shows that s(8) depends on an assumed value for Ar. We assume Ar -4.5 x 109 cm, which is equal to the scale height, kT/mHg,, where ge is the. Considerable scatter, arising from the inhomogeneity of the corona, is evident.
The curves in Figures 3 and 4 have slope
z 8 Acton ( We find NQ -3 x 101 8 cm -2 and NA -5 x 1018 cm -2 .
The total column density through the active region is -2 NA. With a typical loop height of 2 x 109 cm (Pallavicini et al. 1981 ) the average active region density is _ 5 x 10 9 cm "3 . If we estimate the quiet coronal path length as the scale height, kT/mdge, we have ne at the base of the quiet corona -7 x 10 8 cm " 3 . In making the density determinations in Table 1 we assumed R o 3.9 * 0.2. Uncertainties in R and in R o were taken into account. Our data allow R o as low as 3.7, and all of the data that we know of are consistent with R o < 4.1. Although the uncertainty in R o is small, -5%, the uncertainties in n e in Table I The attenuation of resonance line flux by resonance scattering is apparent f or both 0 VII and He IX. In fact it appears that the 0 VII flux is almost always subject to significant attenuation. The resonance line flux alone has limited usefulness even in deducing emission measure.
Where resonance line flux alone is available, it should be corrected by multiplying it by GIG 0 , where G is determined from Figure   3 as a function of 6 and Go -1.0. For He IX, resonance scattering in q the emitting region is as important as in the intervening corona.
This makes it more difficult to correct the Ne IX flux for resonance absorption.
On the other hand, since resonance; scattering is relatively weak f or Ne IX, the use of the curve in Figure 4 in correcting the resonance line flux will usually limit errors to < 20%. Such errors are not serious, given the current state of absolute X-ray spectrometry of the solar corona.
Our interest in G was motivated by its potential usefulness as an indicator of the state of ionization equilibrium of the emitting plasma. Because of resonance scattering, a single measurement of G is inadequate to determine whether or not the plasma is in ionization equilibrium. However, for 0 VII the resonance scattering takes place primarily in the corona between the source and the observer. This is probably especially true for flares, where the temperature is high and the 0 VII population is relatively low. 
